Abstract
Intrauterine Growth Restriction (IUGR) and premature birth are associated with higher risk of cardiovascular diseases throughout adulthood. The aim of this study was to evaluate the influence of these factors in ventricular electrical remodeling in preadolescents. Electrocardiography was performed in a cohort of 33-IUGR, 32-preterm with appropriate weight and 60 controls. Depolarization and repolarization processes were studied by means of the surface ECG, including loops and angles corresponding to QRS and Twaves. The angles between the dominant vector of QRS and the frontal plane XY were different among the study groups: controls [20 and birthweight [1] , and proposed that low birthweight may produce struc-29 tural and functional changes in key organs in postnatal life that predispose to 30 CVD in adulthood, from which the concept of fetal programming emerged [1] .
31
In this paper, we studied two leading causes of low birthweight: intrauterine 32 growth restriction (IUGR) and preterm delivery.
33
IUGR affects 7-10% of pregnancies and is defined as the failure of a fe-34 tus to achieve its growth potential [2] . It is usually associated with pla- 
46
In addition, both IUGR and prematurity have been associated with in-creased CVD in adulthood [6] as well as with arrhythmias i.e sudden death 48 syndrome [7] and apnea-bradycardia episodes [8] Thus, three transformations were considered to perform the alignment. This process can be described as:
where Z and Z R denote the 3 × K and 3 × (K + 2∆) matrices that contain The optimal estimates for α, τ and Q were determined by solving the minimization problem
where ǫ 2 represents the error, calculated as the Frobenius norm of the differ-
113
ence between the actual and the reference loop subjected to the transforma- 
Angles estimation based on dominant vectors of depolarization and re-

145
(where 1 means that the projection is closer to a circle than to a straight line,
146
whereas roundness close to 0 reflects the opposite and intermediate situations
147
-an ellipsoidal shape of the VCG-) with different axes ratios as function of 148 roundness.
149
If we denote the eigenvalues of the average loop matrix as λ i , i = 1, 2, 3, sorted in descending order, the planarity of the loops is defined as
where ρ can take values between zero (entirely planar loop) and one (loop that equally extends into the three dimensions). Features will be obtained for both the depolarization and repolarization loops, being indicated by the subscript L values R or T , respectively. Planarity can also be analysed by features σ L and δ L , which can take values in the range [0-1] (reflecting more planar loops when σ L is close to 1 and δ is close to 0):
QRS and T wave complexity was defined as the ratio between the second to the first eigenvalues, denoted by C:
The geometrical interpretation of C refers to the roundness of the loop [15] . This feature was also obtained for each plane P ∈ {XZ, XY, Y Z}, corresponding to the loop projection onto each orthogonal plane. Eigenvalues obtained on the projection were ν 1 , ν 2 , sorted in descending order. Thus, the roundness of the loops projected on each plane was defined as between the three different groups of subjects. We studied differences be-
179
tween the control group and the preterm-AGA and preterm-IUGR groups. represented (instead of representing them in the three-dimensional space).
189
In general, preterm-AGA and preterm-IUGR subjects presented larger
190
values for angle measurement Φ R-XY than controls, being also statistically 191 significant when adjusting the data by age, height, gender and heart rate. In 192 the particular case of preterm-IUGR, the angle difference Φ R-XY − Φ T-XY was 193 also significant, being even larger than for the preterm-AGA group.
194
Roundness measurements revealed significant differences between preterm-
195
AGA and control groups, presenting the latter ones lower roundness measure-196 ments when analyzing the depolarization loops in the planes XZ and YZ. Table 3 : Vectocardiographic loops morphology of the study population. ρ L , σ L , and δ L denote measures of planarity of loop L. C L and ̺ L−P refer to roundness measurements. P ∈ {XZ, XY, Y Z} refers to the projection of the loop in each orthogonal plane P, whereas the subscript L will be replaced by R or T , depending on whether it refers to the depolarization or repolarization loops. AGA (appropriate growth for gestational age), IUGR (intrauterine growth restriction). Subscripts R and T refer to the depolarization and repolarization loops, respectively. Data are median (interquartile range). * p-value < 0.05 by Wilcoxon-Mann-Whitney or t-test as compared to controls. † p-value < 0.05 adjusted by age, height, gender and heart rate, controls as reference category. 
Controls
Discussion of results
198
This paper reports for the first time significant changes in depolarization- increase in heart rate in order to maintain cardiac output [26, 27] . These car- 
247
The present study also included a group of normally grown cases who were 248 spontaneously born preterm. This preterm-AGA group was characterized 249 by a reduced frontal QRS-T angle and roundness with preserved planarity.
250
Similar results in the QRS-T angle were reported in healthy middled-age 
